Properties of rock, such as effective porosity, permeability and pore size distribution (PSD), are generally referred to as petrophysical properties. These properties are among the most significant for reservoir evaluation. Acid stimulation treatments are usually used in sandstones to mitigate the impact of formation damage, with the aim of restoring or enhancing the natural matrix permeability and consequently boosting the well productivity. Hydrochloric acid (HCl) is commonly used in the preflush stage to remove calcium and other metal ions, preventing the development of calcium fluoride (CaF 2 ) and other silicate precipitates that could block the pore throats, while an acid mixture (HF-HCl combination) is usually preferred as the main stimulation fluid for the removal of quartz and remaining metal ions. However, sometimes the application of these acids can lead to other problems, including fast reactions, corrosion of pipes, environmental hazards, precipitation reactions and formation damage due to the incompatibility of HCl with clay minerals, so chelating agents have been proposed as an alternative for matrix stimulation fluids. In this study, three different chelating agents, ethylenediaminetetraacetic acid (EDTA), N-(2-hydroxyethyl) ethylenediamine-N,N′,N′-triacetic acid (HEDTA) and N-acetyl-l-glutamic acid (GLDA), have been used to stimulate Berea sandstone, Colton tight sandstone and Guelph dolomite samples. Core flood experiments were conducted on 1.5 × 3 (in 2 ) core plugs, at a temperature below 180 °F. A slow injection rate of (1-0.5 cc/min) was chosen for the treatment fluid, promoting the dissolution of ions by increasing the contact time between the fluid and the rock. Furthermore, nuclear magnetic resonance, wettability and micro-computed tomography (CT scan) analyses were employed to evaluate the effect of the acid treatment on formation properties such as porosity, PSD, pore topology, wettability and pore structure. After exposing the samples to HEDTA, large wormholes were detected in their pore network, demonstrating that HEDTA has the highest potential to create new pore spaces when compared to GLDA and EDTA when reacted with both types of samples.
Introduction
According to the Organization of the Petroleum Exporting Countries OPEC (2016), it has been predicted that 14% more hydrocarbons will be required in 2040 as compared to 2014. Table 1 shows the long-term reference case for the demand for oil, predicted by OPEC in the year 2016. (All values are in MMbbl/d.) During acidizing, dolomite reservoirs are mostly soluble in acids, and acidizing in these reservoirs generates conductive pathways known as "wormholes" (Sidaoui and Sultan 2016) . However, in sandstone reservoirs, only a small portion of the rock is soluble by acids and usually no wormholes 1 3
are created. Figure 1 shows the matrix dissolution and acid fracturing.
Whenever the injection of acid is performed either at a pressure less or more than the fracture pressure of the formation, matrix dissolution occurs. Once the acid is injected with a pressure higher than the formation fracture pressure, it can create fractures (acid fracturing). Once the fractures are created, the acid then starts to react with the undamaged formation to remove the minerals (matrix acidizing) present inside the formation creating new pore spaces and channels. In order to enhance the hydrocarbon reservoir productivity, acidizing is considered one of the most effective and common techniques in the industry (Sidaoui and Sultan 2016) . Acids play a key role in boosting production from hydrocarbon fields. Acidizing is a process in which injected fluid (mainly acid) in porous media reacts with matrix/minerals. This may lead to the variation in permeability and porosity due to the dissolution of rock minerals and re-precipitation of reaction products (Shafiq and Mahmud 2017) .
Formation damage is detrimental to the hydrocarbon recovery as it causes extra pressure drop around the vicinity of the wellbore. During the well production, the largest pressure drop occurs in the area around the wellbore, which is a major target for matrix acidizing. This area usually extends (3-5 ft.) from the wellbore in dolomites and a few inches in a sandstone formation (Smith and Hendrickson 2013) . This area is mainly damaged during drilling, production and completion operations, resulting in clay swelling, fines migration, drilling fluid invasion and deposition of scale during production (Al-Harthy 2008 /2009 ). Therefore, the removal of formation damage is the main goal of sandstone and carbonate acidizing (Ji et al. 2014) . Thus, the original permeability of the formation can be restored or enhanced by creating new pore spaces. Therefore, acidizing is performed in order to reduce the damage and increase the productivity of fluids from the reservoir (Ghommem et al. 2015) . This process improves the permeability by generating high-permeability flow paths and by removing the damage enhancing the well performance. Due to the presence of different minerals, sandstone acidizing process usually consists of multiple stages, which make it a very complicated and challenging task. During these stages, different acids react with different minerals, resulting in different reactions including precipitation reactions as well. These precipitation reactions can be counterproductive as they can cause a reduction in the reservoir permeability (Mahmoud et al. 2011) .
A single strong mineral acid has the ability to dissolve rock particles, resulting in a reduction in formation damage and an increase in porosity and permeability and hence ultimately increasing the oil and gas production. Conversely, well tabular is exposed to high risk of corrosions due to the high reactivity of used acids (Johnson et al. 2016) . In this research, the effect of chelates on the mineralogy, morphology, porosity, pore topology, pore size distribution and permeability of core samples has been investigated at a constant temperature value. The impact of chelating agents on conventional sandstone, dolomite and tight sandstone reservoirs can be understood by extensive study and research and applying new techniques. The successful application of chelating agents on conventional sandstones has raised interest in applying these chelates on dolomites and tight sandstone reservoirs. Experimental techniques and analyses such as nuclear magnetic resonance (NMR), permeability and porosity CT scan, wettability and change in pore volume have been used in this research to understand the effect of chelates on different formations. 
Experimental studies

Chelating agents
The saturated solutions of chelating agents have been prepared in distilled water. These chelates are basically complex acids, and dissociation in water is important for acidizing purpose. The dissociation is expressed in terms of equilibrium constant pK a . These values can be used to determine the distribution of a chelating agent as a function of pH. These chemicals (chelating agents) in purified solid form are purchased from the chemical supply. Tokyo Chemical Industry Co. LTD (TCI) provided GLDA and HEDTA, which are soluble in deionized water and showed acidic properties when 20 wt% a saturated solution is prepared, while EDTA is less soluble; therefore, its 5 wt% the solution is prepared in deionized water. The solubility of EDTA in deionized water is increased, and 20 wt% saturated solution can be prepared by increasing the temperature (which means at a high temperature the solubility increases and like other chelates 20% solution can be prepared).
Core samples
Sedimentary rocks are 46% shale, 32% sandstone and 22% carbonates in type (Leet and Judson 1971) . From these sedimentary rocks, sandstone and carbonates are both porous and permeable; therefore, a huge volume of hydrocarbon is stored in sandstones and carbonate formations around the world. The core samples used in this experimental work mainly consist of different types of sandstones and dolomites in terms of permeability and porosity. The core samples could be divided into three different groups based on their origin, porosity and permeability ranges. Table 2 represents the properties of core samples used during the project.
Core sample preparation
Core cutting machine was used to cut the desired length of core samples. For core flooding experiments, the length of the core required was 3" with a diameter of 1.5", while for wettability analysis, small strip size samples were required as shown in Fig. 2 . Figure 2 shows the smallest size of a core sample obtained from Berea sandstone, Colton sandstone and Guelph dolomite. All the core samples have been dried and vacuumed to remove any liquid or gas particles present inside.
Core flooding procedure
The effect of acids on different types of core samples can be represented by acid core flooding technique. Acid-mineral interaction is a complex phenomenon during linear core flooding experiments. Performing linear core flooding acidizing in the laboratory is quite useful to understand the complex acid-mineral interaction process especially in matrix acidizing. The injection rate, fluid and rock properties affect the structure of wormholes (Fredd et al. 1997) . A complete dissolution of wormhole structure can occur at the inlet face at low injection rates, i.e., less than 2 ml/min, After the type of rock and treatment fluids' characteristics are defined along with the requirement of setups, the beakers are filled with appropriate fluids, and then the core flooding can be carried out. The core flooding setup is shown in Fig. 3 . The detailed procedure of whole core flooding is as follows:
• The core is inserted inside the core sleeve and placed inside the core holder. Then the inlet and outlet wings of the core holder are closed. The flow lines from the inlet, outlet and high-performance liquid chromatography pump (HPLC pump) are connected. It should be made sure that all the connections between inlet, outlet, pump and core holder are tightened and valves are placed in proper positions. The inlet flow line is connected to the HPLC pump to inject the fluids into the core sample. The flow rate is set at 1 cc/min and 950 psi; the pressure range is selected to disconnect the injected flow of acid.
• The core holder is filled with the water with the help of a syringe pump. The same syringe pump is connected carefully to pressurize the confined core sample. The confining pressure is set at 1000 psi. Then the discharge valve of the syringe pump is opened and is filled with water to confine the core sample. The front panel of the syringe pump is used to select the pressure value and flow rate of the water.
• Core holder is wrapped with the heating tape completely, and the temperature controller is connected to the heating tape. The heating tape only starts operation after the core sample is confined under pressure. The pressure and temperature are monitored constantly. The syringe pump is kept connected, and the valve is kept open during heating of the core holder as the increase in temperature can cause the fluid expansion. The temperature of core flooding experiments is set at 80 °C (180 °F). The core sample and confining fluid inside the core holder are heated for 24 h before starting the acid injection. This is done to make sure that the whole system should attain the same temperature of 180 °F. The acid is heated to the temperature of 180 °F with the help of magnetic stirrer and heater before injection, to make sure there is no temperature difference between the acid and the core sample. • Pressure transducers are connected with the data acquisition system. The pressure transducers monitor the pressure values at both the inlet and outlet of the core sample.
• The inlet and outlet valves are kept open to allow the fluids to be displaced through the core and collected at the outlet. Once confined and heated, the core flooding experiments are started.
• The pore volume injected and the change in the volume in injection beaker is kept noted once the reacted fluid starts to come out of the outlet flow line. It is made sure that there is no leakage in the flow lines where high pressure was applied.
• The acid flow continued until the constant pressure drop is observed which indicated the completion of the reaction.
• Once the reaction is completed, chelating agent flow is stopped and the water post-flush injection starts to remove the unwanted reaction products.
• When the post-flush with water is finished, HPLC pump is switched off and the inlet valve is closed. When no flow is coming out of the outlet line, confining pressure is released.
• After the completion of the core flooding, all the fittings are disconnected and the core is taken out. All the fittings and the parts of the core holder are rinsed with the distilled water, and the core samples are placed in an oven at 80 °C for 24 h to dry.
Results and analysis
Porosity and permeability analysis
The porosity is one of the most important properties of reservoir rock where it represents the storage capacity. The permeability is defined as the capacity of the rock to conduct the fluid through its matrix. These properties are very important for understanding/estimating the oil and gas initially in place and the ability of the rock to transmit a fluid. The porosity can be determined by applying certain techniques like saturation method or determination using automatic porosity analysis apparatus. In this research, porosity and permeability are measured before and after core flooding experiments using the automated permeameter-porosimeter (AP-608) from Coretest system Inc. as shown in Fig. 4 . AP-608 instrument is cost-effective and applied Boyle's law to measure the porosity and Klinkenberg effect to measure the permeability. Helium gas is a non-toxic and non-damaging gas to the core samples, and because of its high diffusivity, it is used as the pore fluid to measure porosity and permeability. Klinkenberg-corrected permeability can be measured using AP-608 systems. Using automated permeameter-porosimeter, porosity can be calculated at different confining pressure ranges. During this research, the porosity values at confining pressure of 1000 psi are measured because the confining pressure during the core flooding experiments was 1000 psi maximum. The permeability measured range is 0.001 mD to > 10, depending on the sample, while the porosity range is 0.1 to > 40%. Along with the porosity and permeability, the pore volume of each core sample was also measured as an important parameter to determine the breakthrough and used to understand the reaction completion. This apparatus can be used to carry out measurements up to 9550 psi pressure.
Dissolution of calcium, sodium, magnesium, iron, silicon and potassium ions present in the core sample is the main target of injecting acids during sandstone acidizing. By dissolving these ions new pores will be created while contributing little toward permeability, because these ions are only contributing a very small amount of the bulk minerals present inside the core. So, a change in porosity can be observed, while the change in permeability can be negligible as the pores created will be capillary pores. Usually, sandstone samples contain very less amount of these positive ions, except silicon which is the major element in a sandstone formation. But acids can only dissolve a small amount of silicon; therefore, as a result, the change in porosity is also less. These positive ions should be removed before injecting the main acid to avoid precipitation reactions. Table 3 represents the change in porosity and permeability before and after core flooding experiments. HEDTA was found to be very effective in increasing the permeability and porosity in all samples tested. The major difference was analyzed in terms of permeability increment in tight sandstone and dolomite formations, where HEDTA managed to increase the permeability of tight sandstone and dolomite by 105% (2 times the original) and 85%, respectively, while other chelates were not effective. EDTA and GLDA manage to increase the porosity by good amount, but less permeability increment is observed which can be due to the reaction products formed inside and blocking of the paths of flow. Also, the dolomite sample is heterogeneous and permeability value is higher than 100 md. According to (Alotaibi et al. 2011) , if the permeability is more than 100 md, the acidizing job is not effective. Also, if we compare the results of permeability by application of GLDA and EDTA on Colton sandstone and Guelph dolomite, almost similar trend is observed, where permeability is increased by 3.6% and 4.2% when EDTA is applied on tight sandstone and dolomite, respectively, while permeability is increased by 5.8% and 4.9% when GLDA is applied on tight sandstone and dolomite, respectively. These results can be further validated using NMR analysis where a change in porosity and pore size distribution can be analyzed.
Wettability test
Wettability is the ability of the fluid to cover the surface area of the rock sample. Wettability test can be performed to recognize the wetting behavior of fluids (oil and water), on the rock surface. Wettability is usually determined with the help of a contact angle measured through the denser/water phase. Figure 5 illustrates the water-wet and oil-wet conditions and their corresponding contact angles Θ c .
The contact angle of liquid (water) with a rock in the range of 0°-75° usually represents water-wetting conditions, while 115°-180° indicates oil-wetting conditions. On the other hand, the angle from 75° to 115° indicates neutral wettability, which shows that the rock surface is neither wetted by oil nor by water (Alotaibi et al. 2011) . The ability of the wetting phase to stick to the rock surface and inhabit/ occupy the smaller pore spaces within the reservoir is due to the capillary pressure inside the rock. Consequently, the wetting phase has lower mobility due to its trapping inside the small pores (low-permeability channels) as compared to the non-wetting phase. Therefore, the non-wetting phase was produced easily/faster compared to the wetting phase. However, in the case of a tight reservoir, the fluid used for stimulation like an acid usually traps and accumulates in the small pore throats of the reservoir due to high capillarity. This can be the reason for the blocking of the hydrocarbons flow path and water banking. The hydrocarbons must overcome this very high capillary pressure (capillary effect) created by the blocking of fluids which in turn can considerably reduce the production of hydrocarbon, most importantly gas (Saneifar et al. 2010 (Saneifar et al. , 2011 . Thus, wettability conditions are different in different reservoirs based on reservoir conditions and enhanced oil recovery (EOR) techniques applied (Mohammadi et al. 2009 ). In conventional sandstone reservoirs, usually water-wet conditions are favorable to optimize the production of hydrocarbons. In this project, the wettability of the different core samples has been measured by recording the contact angles from the Drop Shape Analyzer (DSA) apparatus. The DSA is equipped with aperture, illumination, sample table, prism, dosing unit and camera. The liquid was dropped by the dosing unit which was then detected by the camera. Later, the image was sent to the computer for further analysis. Then, the contact angle of that drop of liquid was interpreted, generated and analyzed. The results are mentioned in Table 4 . Drop Shape Analyzer is shown in Fig. 6 .
Procedure
Once the instrument was switched on, all the necessary information was entered using the ADVANCE software, under the text boxes of NAME and DETAILS. Also, the temperature range was entered in the software at which the experiment was carried out. Then, the liquid used by the dosing unit was selected (distilled water in this case) under the section CONFIGURE DOSING, and afterward, the syringe was filled with that liquid. Later, a thin section of the core sample was placed beneath the syringe and calibration was performed on ADVANCE software. After calibration, a drop of brine was put on the core sample placed and the contact angle was recorded by using the ADVANCE software. The details and results are given in Table 4 , which shows that the change in wettability of Berea sandstone samples shifts toward more water-wet conditions, which is favorable for the oil and gas production. The initial contact angle of Berea sandstone core sample was 71.94, nearly neutral wetting conditions. But after reacting with the chelating agents, the contact angle decreased to 69.92 in case of EDTA (2.8% As seen from Table 4 , the change in wettability of Colton sandstone samples shifted toward more water-wet conditions, which is favorable for the oil and gas production. The initial contact angle of Colton sandstone core sample was 78.74, neutral wetting conditions. But after reacting with the chelating agents, the contact angle decreased to 76.54 in case of EDTA (2.7% change), 73.90 in case of HEDTA (6.1% change) and 73.42 in case of GLDA (6.7% change) as mentioned in Fig. 8 . From the analysis of sandstone sample, one trend is very clear where the maximum change in wettability was observed when GLDA reacted with sandstone formation. On the other hand, the minimum change in wettability was observed when the core sample reacted with EDTA. A similar trend has been observed in case of dolomite samples also, where the contact angle value is toward the higher side when reacted with EDTA compared to other chelates where the contact angle has decreased and shifted toward water-wet conditions as seen in Table 4 . Therefore, chelating agents are not only increasing the permeability and porosity of the reservoirs but also change the wettability of the sandstone core sample. From Table 4 , it is observed that the potential change in the wettability of the reservoir rock shifted toward more water-wet condition. Therefore, this wettability change can increase the imbibition of water into the hydrocarbon reservoir, consequently optimizing the oil recovery (Xu et al. 2008 ). This change in wettability is due to the fact that chelating agents dissolve minerals present inside the pore spaces as described by (Shafiq et al. 2018) .
Wettability analysis was not performed during the preflush stage because the acid does not affect the wettability of core samples. The results are verified by the experimental work carried out by (Saneifar et al. 2010) . In this work they showed that the 15% HCl spent acid did not significantly affect the wettability of the core samples. They also investigated that increasing or decreasing the concentration of acid also did not affect the wettability of the formation.
Solubility and pore volume analysis
The solubility test describes the dissolving power of the chelating agent or acid during acidizing. This test can be used to validate the porosity and permeability analysis discussed earlier. On the other hand, the pore volume measurement can investigate the volume of acid or chelate required for the acidizing. As the flow rate is constant for all the tests (1 cm 3 /min) and the total volume to be injected is also constant for all samples-15 pore volume (15 PV)-pore volume analysis on the one hand can investigate the volume of acid required, while change in pore volume after acidizing can validate porosity analysis discussed earlier. Tables 5 6 represent the pore volume and weight changes, respectively, of all the core samples after acidizing. It has been observed that the maximum pore volume increment is created by 5% CH 3 COOH: 10% HCl in case of Berea sandstone (5.9%), by HEDTA in Colton sandstone (10.85%), by HEDTA in dolomite (5.6%) and by HEDTA in Berea sandstone (5.6%). These changes validate the porosity and permeability analysis discussed in earlier sections. Table 6 represents the change in the dry weight of the core sample before and after acidizing. The maximum decrease in the weight of Berea sandstone, Colton sandstone and Guelph dolomite has been observed when they were reacted with HEDTA (1.1, 1.8 and 1.7% decrement, respectively). Likewise, the maximum decrement has been observed when Berea sandstone reacted with 5% CH 3 COOH: 10% HCl, hence validating porosity, permeability and pore volume analysis.
CT scan analysis
The cores were photographed and re-weighted after the core flooding experiments were finished, to determine the wormhole creation and weight loss. The weight loss is already discussed in Table 6 , while photographed cores with wormholes can be seen in Fig. 9a-d . Figure 9a shows the core sample inlet face before acidizing. On the other hand, Fig. 9b-d shows the core samples inlet face after acidizing with GLDA, HEDTA and EDTA, respectively. All the chelating agents successfully created new wormholes in the dolomite core samples. However, face dissolution was maximum in case of HEDTA (Fig. 9c) compared to other chelates. That is why the change in porosity and permeability when dolomite sample reacted with HEDTA was a maximum. It is worth noting that good wormhole structures are usually formed in the carbonate samples compared to the sandstone samples because of the presence of more than 90% silica in sandstone which is not soluble by the chelates. Therefore, Fig. 9a-d only shows dolomite core samples as no wormhole structure has been observed in sandstone samples. To further investigate the pore structure of the core samples, micro-CT scan analysis were conducted on a small section of core samples (6 mm × 8 mm) reacted with HEDTA. Micro-CT scan is just like X-ray vision but with better resolution. Without destroying the subject it allows seeing inside of the subject. It is just like a medical CT system where one can get slice-by-slice images without destroying the sample (Carlson 2006) . 2D images tell us what is in the object, but 3D images obtained using micro-CT can tell us where those things are present inside the object.
A broad overview of micro-CT
Micro-computed tomography is a technique in which X-rays are emitted from an X-ray generator. These X-rays travel through the sample and on the other side are recorded by a detector to produce a radiograph also known as a projection image. Then another projection image at a new position will be taken by rotating the sample by a fraction of a degree. Series of projection images have been taken by rotating the sample by 180 or 360 degrees with continuous iterations. One of the major advantages of CT scan technique is that it can characterize the three-dimensional rock internal structure without destroying it. It can provide a stack of 1000 or more 2D cross-sectional images of the investigated sample nondestructively, which is much faster than performing serial sectioning. On the contrary, only small samples can be analyzed using this technique which therefore required many samples to be scanned to get the correct volume. To determine the properties like electrical conductivity and permeability, the complex internal microstructure needs to be described properly. X-ray micro-tomography is very useful but is not readily available, and 2D thin sections are the most adequate source of information for pore structure analysis (Øren and Bakke (2002) . Accordingly, the most appropriate approach was to make a 3D structure from already available 2D images by using statistical models (Joshi 1974; Adler et al. 1990 Adler et al. , 1992 Hazlett 1997; Yeong and Torquato 1998a, b) . However, in the beginning, the CT scan was mostly applied for medical purposes, but soon it was realized that it had good potential in many other fields and applications like paleontology (Fourie 1974) , soil science (Allan et al. 2002) and fluid flow research (Wellington and Vinegar 1987) . Image analysis of 3D structure starts with high-quality images, because it is useful to get valuable information from the true images. Image analysis usually consists of complex image processing and advanced calculations (Starkey and Samantaray 1994) . Image analysis consists of a few steps which include noise reduction followed by segmentation and then binary image editing. However, 2D original images need to be processed before performing image analysis. This image analysis is mainly done in order to enhance the appearance of the images. Figure 10 shows the initial raw image and processed segmented image of one of the core samples used during this research. For each sandstone and dolomite core sample, around 700 2D raw images were obtained, segmented and then converted into a 3D image. The initial 2D sandstone image obtained was very dark and it was very hard to determine the pore spaces, while after image analysis, the quality of image improved a lot as shown in Fig. 10 . The segmented image shows different minerals present inside the Berea sandstone core sample represented by different numbers in Fig. 10 , while the segmented image of dolomite core sample mostly shows ankerite mineral which is around 97% of the total matrix. In both segmented images shown in Fig. 10 , the blue color represents the pore spaces. Figure 11 shows the pore structure of sandstone and dolomite core samples, respectively, before and after the acidizing procedure. These samples are reacted with HEDTA chelate, and porosity of 3D core samples has been calculated for each sample. An increase in the pore spaces has been observed in both cases, and porosity for sandstone sample changed from 13.96 to 17.20%, while for carbonate the porosity increased from 8.66 to 10.93%.
NMR analysis
The porosity measured by NMR tools can be divided into two components: pores reflecting free fluid index (FFI, associated with large pores/connected pores), and bulk volume irreducible (BVI) associated with capillary pores (Fig. 12) . FFI is the amount of porosity associated with fluids that are free to flow (mobile fluid), and BVI is the amount of porosity associated with fluids that will not flow (immobile fluid). An NMR pore size distribution can be used to divide the fluid content into producible fluids (FFI) that are mobile and capillary bound water fluids that are immobile (BVI). These divisions are made using a relaxation time cutoff.
Procedure
Maran-Ultra 2 MHz benchtop spectrometer (a resonance instrument) was utilized to conduct the NMR experiments and analysis. NMR analysis was carried out on almost all (1) ∅ NMR = FFI + BVI the samples which were used during the core flooding procedure. On these samples, the NMR measurements were taken twice (before and after the core flooding experiments). To generate the T 2 relaxation time for the samples tested, a hard pulse CPMG sequence was used. Meanwhile, the difference in the porosities and permeabilities of samples used was not much different; a constant combination of parameters was considered acceptable in the generation of T2 distribution spectrum which represents the pore size distribution inside the core samples. The number of scans (NS) was set at 8, which is good and can help to produce very high-quality spectrum by attaining a high signal-to-noise ratio. Relaxation delay (RD) was set at 30 s which also assures full polarization for precise measurements. Pore size, pore fluid and mineralogy of the formation affect T2 relaxation time. When T2 time is encountered with the same rock type and the pore filling fluid, the pore size will be the most important parameter to control. The less change in the commulative spectrum of Colton sandstone is observed in samples A and C, validating porosity results. Based on the NMR analysis, pore spaces have been increased for all samples studied. The maximum increase in porosity is for sample B where the porosity is increased from about 12.5 to 14% (Fig. 13) . The decrease in the commulative spectrum for Guelph dolomite samples is observed in sample A, validating porosity results. Based on the NMR analysis, pore spaces have been increased for samples B and C. The maximum increase in porosity is for sample B where the porosity is increased from about 14.5 to 16% (Fig. 14) .
Based on the NMR analysis, pore spaces have been increased for all Berea sandstone core samples. The maximum increase in porosity is observed in sample B where the porosity increased from about 22 to 24% (Fig. 15) .
The importance of NMR logging in matrix acidizing can be attributed to the ability of NMR logging to determine FFI and BVI. FFI represents the pore spaces where the oil can move, and the main objective or goal of matrix acidizing is to create more pore spaces where oil can move easily. Successful matrix acidizing can increase FFI where if damage occurs during acidizing BVI area will increase. 
Conclusion
• HEDTA was proved to be effective in increasing permeability and porosity of the tight sandstone and dolomite formations. • Chelating agents change the wettability state of the sandstone core sample toward more water-wet conditions.
• Wormhole analysis showed that HEDTA is effective in creating wormholes in dolomite formations.
• NMR analysis confirmed that HEDTA is more effective in creating new pore spaces in both dolomite and sandstone formations.
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